Four patients had evidence that mitral valve prolapse was the etiology of isolated early systolic clicks that were "ejection" in timing, that is, within 80 msec of the first heart sound (S1). Phonocardiography demonstrated movement of the click closer to S, (three patients) Received February 24, 1971; revision accepted for publication June 7, 1971. 516 prolapse are classically described as occurring in middle or late systole.
amplitude (one patient) on inspiration. Earlier movement of systolic clicks on inspiration is a known feature of midsystolic clicks related to mitral valve prolapse but not of true aortic ejection sounds. In three patients the early systolic click showed a variable relation to the carotid upstroke, suggesting that the two events were not related. The click of the fourth patient occurred after the carotid upstroke. In one patient the click could be brought out by standing. Apical holosystolic murmurs could be elicited in all patients. Left-and right-heart catheterizations and left ventricular angiograms revealed no evidence of semilunar valve or great vessel root abnormality. Three patients had mitral valve prolapse and mitral regurgitation on left ventriculogram. The cineangiogram on one patient demonstrated maximal prolapse of the mitral valve just before opening of the aortic valve and coincident with the timing of the click. An isolated early systolic click may be due to mitral valve prolapse rather than to the usual ejection phenomena.
Additional Indexing Words:
Mitral regurgitation Ejection sounds First heart sound Heart murmurs E ARLY systolic clicks, occurring within 80 msec of the first heart sound, are generally considered to be related to ejection phenomena, that is, opening of the aortic or pulmonic valve or the ejection of blood into the aorta or pulmonary artery. On the other prolapse are classically described as occurring in middle or late systole.
Reported here are four patients with isolated, early systolic clicks in the absence of midsystolic clicks in whom phonocardiographic, cardiac catheterization, and angiographic data all indicate that these clicks were due to mitral valve prolapse rather than to ejection phenomena. Timing of early systolic clicks (C) in relation of the carotid upstroke. In three patients the timing of the click can be seen to move earlier before the carotid upstroke with inspiration.
M. H. also demonstrated a movement of the click from before the carotid upstroke while standing to after the carotid upstroke while sitting. In J. 0. the click occurred after the carotid upstroke. S1 is the first heart sound, S. the second heart sound.
ventricular angiograms (two biplane at 6 frames per second; two single-plane cineangiograms at 60 frames per second).
Results
The results are summarized in table 1. Early systolic clicks were present in three patients in the supine position and in one patient in the standing position. In expiration, the click followed the first heart sound (S1) by 70 msec in two patients, 50 msec in one patient, and 35 msec in the fourth patient ( fig.  1) opened fully and was approximately coincident with the timing of the early systolic click on the phonocardiogram. Discussion Clicks occurring in early systole, that is, within the first 80 msec after the first heart sound, are usually referred to as "ejection" clicks since they are generally considered to be due to either the opening of the semilunar valve or the ejection of blood into the pulmonary artery or aorta. The present report suggests that early systolic clicks can also originate from the mitral valve.
Clicks originating from the left side of the heart can be heard in aortic valvular stenosis or in aortic valvular abnormalities without apparent stenosis, such as a bicuspid aortic valve. Such a click connotes pliability of the valve and is probably due to sudden tensing of the valve leaflets as they open during systole.' Clicks associated with aortic root dilatation or pure aortic regurgitation occur very slightly later and may arise in the aorta itself.1 Aortic ejection clicks coincide with the beginning of the upstroke of the carotid pulse.' 2 Although we were not able to find documentation in the literature, it has been our experience, as determined in 10 patients, as well as that of others (J. Perloff: Personal communication) that aortic ejection clicks do Ejection clicks may also arise from the right heart, especially the pulmonary valve or pulmonary artery. Since a pulmonic valvular click occurs at the end of the isovolumic contraction period of the right ventricle, its timing is of use in evaluating the severity of pulmonic valvular stenosis. The more severe the pulmonary stenosis, the closer the click will be to the first heart sound.3 The pulmonic valvular click diminishes and may even disappear on inspiration. This is thought to be the result of the increased venous return to the right heart moving the closed pulmonic valve upward toward a more open position, therefore reducing the excursion of the valve with systole and diminishing the intensity of the opening click. Inspiratory diminution of the sound is a very useful bedside clue to the detection of the pulmonic valvular click. 4 In contrast, clicks related to pulmonary artery hypertension occur slightly later due to a longer isovolumic contraction period of the right ventricle working against a higher pressure. Furthermore, the click is usually not greatly diminished by inspiration.4 Occasional- ly, a pulmonic click can be related to ejection of blood into a pulmonary artery through a normal pulmonic valve under normal pressures, as in idiopathic dilatation of the pulmonary artery. This click occurs earlier in systole but is also unaffected by inspiration. The timing of pulmonic clicks originating from either the pulmonic valve or a dilated pulmonary artery is not usually affected significantly by respiration.
Clicks arising from the mitral valve have attracted a great deal of attention in the past decade with delineation of the so-called '"midsystolic click-late systolic murmur" syndrome. 5 The clicks in this syndrome are felt to be due to the sudden tensing of elongated chordae tendineae or a prolapsed mitral leaflet. The murmur is due to the resultant mitral regurgitation.
Several features of the clicks recorded in the four patients described here suggest that early systolic clicks may also be due to mitral valve prolapse. First, although the clicks occurred 40 to 70 msec after the first heart sound, they moved even closer to the first heart sound with maneuvers known to so affect clicks related to mitral valve prolapse: inspiration,5 Valsalva maneuver,5 or amyl nitrite. 5 Thus, the differential diagnosis of an early systolic click must be broadened to include mitral valve prolapse as well as the various ejection phenomena. Furthermore, the detection of six additional patients within the past year with isolated early systolic clicks that behaved in the same way on the phonocardiogram suggests that mitral valve prolapse may even be a common cause of early systolic clicks. As in the middle or late systolic clicks originating from the mitral valve, the etiology of the early click is also presumably related to sudden tensing of the chordae tendineae or the abrupt completion of prolapse of the leaflet itself. The differential diagnosis of early systolic clicks is further broadened by the recent documentation of early systolic clicks due to systolic movement of the tricuspid valve in Ebstein's anomaly,8 9 and the occurrence of a click at the end of systolic movement of an aneurysm of the membranous portion of the ventricular septum associated with small ventricular septal defects.10
